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Description 

USB Flash-Memory Drive with Dazzling 
Marquee-Pattern Driver for Multi-LED 

Display 

Background of Invention 

[0001] This invention relates to indicator displays, and more par- 
ticularly to a light-emitting diode display for a Universal-Se- 
rial-Bus (USB) flash-memory device. 

[0002] Electronic storage drives often have indicator lamps. For 
example, a hard-disk drive on a personal computer (PC) 
may have a single light-emitting diode (LED) that is illu- 
minated while the disk is being accessed. An external 
flash-memory peripheral drive may have an LED that is il- 
luminated while being written. The user can safely remove 
the flash-memory drive or its media once the light goes 
out, indicating that the writing operation is completed. 

[0003] Flash memory has gained wide acceptance for its non- 
volatile storage, which is ideal for portable devices that 
may lose power, since the data is not lost when stored in 



the flash memory. Flash memories are constructed from 
electrically-erasable programmable read-only memory 
(EEPROM) cells. 

[0004] Universal-Serial-Bus (USB) has become a popular standard 
interface for connecting peripherals to a host such as a 
personal computer (PC). USB-based flash-memory storage 
devices or "drives" have been developed to transport data 
from one host to another, replacing floppy disks. While 
large external flash drives may be used, smaller USB flash 
drives known as key-chain or key drives have been a 
rapidly growing market. 

[0005] a USB flash-memory device can be constructed from a 
microcontroller, a flash-memory controller or interface, 
and one or more flash-memory chips. A serial interface on 
the microcontroller connects to the USB bus to the host, 
and data from the serial interface is transferred through 
the microcontroller to the flash controller and is written to 
the flash-memory chips. 

[0006] The microcontroller can drive an output port that con- 
nects externally to a LED. The microcontroller can then 
turn the LED on or off by writing a zero or a one to the 
output port. The microcontroller can set the output port 
to a one when activity is occurring on the drive, such as 



any access of the flash memory, such as read, write and 
erase. 

[0007] while such an LED activity light is useful, the LED is often 
small and barely noticeable to the user. A more elaborate 
display is desired to better capture the user's attention. A 
display for a USB flash drive is desired that has multiple 
LED's. A more dazzling display on a USB flash drive is de- 
sirable that can noticeably tell the user when data is being 
transferred to and from the flash drive. A display that 
could also be a selling point for the USB flash drive is de- 
sired, since the dazzling display could be made to flash 

on the display model in a store. 
Brief Description of Drawings 

[0008] Figure 1 is a block diagram of a multi-LED display on a 

USB flash-memory drive. 
[0009] Figure 2 is a timing diagram of the address generator and 

address decoder of Fig. 1. 
[0010] Figure 3 shows an alternative connection of LED's that 

share a limiting resistor. 
[001 1] Figure 4 shows multi-color LED's driven by the address 

decoder. 

[0012] Figure 5 shows a more integrated pattern-decoding gen- 
erator for a multi-LED display. 



[0013] Figure 6 is a table of commands or an address map sent 
over the general-purpose bus to select LED cycling pat- 
terns. 

[0014] Figure 7 shows a USB flash drive with a flexible PCB having 

a multi-LED display. 
[0015] Figure 8 shows a round-circle multi-LED display. 

[0016] Figures 9A-F show linear-display pattern sequences. 

[0017] Figures 10A-F show dual linear-display pattern se- 
quences. 

[0018] Figures 11A-D show dual circular pattern sequences. 
Detailed Description 

[0019] The present invention relates to an improvement in USB 
flash drive indicator displays. The following description is 
presented to enable one of ordinary skill in the art to 
make and use the invention as provided in the context of 
a particular application and its requirements. Various 
modifications to the preferred embodiment will be appar- 
ent to those with skill in the art, and the general principles 
defined herein may be applied to other embodiments. 
Therefore, the present invention is not intended to be 
limited to the particular embodiments shown and de- 
scribed, but is to be accorded the widest scope consistent 



with the principles and novel features herein disclosed. 
[0020] Figure 1 is a block diagram of a multi-LED display on a 
USB flash-memory drive. The USB flash drive can be a 
small portable device about the size of a thick key or pack 
of chewing gum. A USB connector (not shown) plugs into a 
USB port on a host, allowing USB signals to be received by 
USB flash controller 10. USB flash controller 10 controls 
one or more flash-memory chips (not shown) on the USB 
flash drive. 

[0021] USB flash controller 10 contains a microcontroller that 

generates an activity signal on an output port that drives 
external pin LED-OUT on the package containing USB 
flash controller 10. Pin LED-OUT drives activity line ACT, 
which can be a wiring trace on a printed-circuit board 
(PCB) containing USB flash controller 10, address genera- 
tor 12, and address decoder 14. 

[0022] Activity signal ACT is applied as the clock to address gen- 
erator 12, which can be an N-bit counter. Each pulse of 
activity signal ACT increases the count of address genera- 
tor 12, which is reflected in address outputs A1:AN. The 
count of address generator 12 is reset to zero (or some 
other value) by its reset RS input, which is initially pulled 
low at power-on by a capacitor, but is later pulled high by 



a pull-up resistor to end the active-low reset pulse. 
[0023] The N address lines from address generator 12 are input 
to address decoder 14. M-bit address decoder 14 decodes 
the N address inputs to generate M data outputs Dl, D2, 
D3, ...DM. . N is independent of M . N could be smaller or 

N 

bigger or equal to M. The value 2 represents a total 
number of addresses and M represents the number of 
outputs for each address. The output LED lines could have 
only one data output active at a time, or more than one 
data output can be active at a time. The activity signal 
ACT can also drive an output-enable OE input to address 
decoder 14 in some embodiments, so that the LED's are 
driven only during the low pulse of activity signal ACT. 
[0024] LED's 20, 21, 22, ...23 are driven by data outputs Dl, D2, 
...DM from address decoder 14. Limiting resistors 30, 31, 
32, ...33 couple LED's 20, 21, 22, ...23 to power (VDD) 
and limit current through a LED when a data output is 
driven low. 

[0025] when a data output is driven low by address decoder 14, 
current is pulled through the LED, causing the LED to be 
illuminated. For example, when D2 is driven low by ad- 
dress decoder 14, LED 21 is turned on as current is drawn 
through limiting resistor 31 from VDD. 



[0026] Figure 2 is a timing diagram of the address generator and 
address decoder of Fig. 1. The activity signal ACT is 
pulsed by USB flash controller 10 when the flash memory 
is being accessed. As the device is powered up, the reset 
signal goes high as the capacitor for RS is charged by the 
resistor. After reset ends, each rising edge of activity ACT 
increments the count of AN:A1. The address lines se- 
quence through states 000, 001, 010, 011, 100, etc. when 
address generator 12 is a binary up-counter. 

[0027] Address decoder 14 activates one of the active-low data 
outputs in response to decoding of the address lines 
AN:A1 and the Output Enable (/OE) being low. Initially Dl 
is active low and the other data lines are high (off), so that 
LED 20 is on while ACT or OE is low. Then when OE is low, 
for address 001, data output D2 goes low, turning on LED 
21, while the other data outputs are high, turning off the 
other LED's. On the next falling edge of ACT, D3 is low 
and LED 22 is on, and then D4 is low and the fourth LED 
turns on. Thus a marquee pattern of illuminating the LED's 
is produced wherein one LED is lit at a time, and the lit 
LED appears to travel down the line of LED's. 

[0028] Figure 3 shows an alternative connection of LED's that 

share a limiting resistor. LED's 20, 21, 22, ...23 are driven 



by data outputs Dl, D2, ...DM from address decoder 14. 
However, the anodes of LED's 20, 21, 22, ...23 are con- 
nected together and share limiting resistor 38. When only 
one LED is on at a time, sharing a single resistor is not 
problematic, although if different numbers of LED's were 
lit at different times, sharing resistor 38 could result in 
varying light intensities, depending on the number of lit 
LED's. 

[0029] Figure 4 shows multi-color LED's driven by the address 
decoder. Some LED packages contain multiple compo- 
nents packaged together as a single device. For example, 
a red, a green, and a blue LED can be packaged together 
in a 4-pin device and share a common resistor. Address 
decoder 14 can drive separate data outputs for each color 
LED. For example, data output D1R drives red LED 40, 
while data output DIG drives green LED 41, and data out- 
put DIB drives blue LED 42. While the cathodes of LED's 
40, 41, 42 are separate, the anodes of LED's 40, 41, 42 
are connected together and to resistor 48, which connects 
externally to VDD. Another tri-color LED is shown as LED's 
44, 45, 46 and resistor 49. Address decoder 14 drives 
LED's 44, 45, 46 and any other multi-color LED's. 

[0030] Figure 5 shows a more integrated pattern-decoding gen- 



erator for a multi-LED display. Pattern-decoding genera- 
tor 50 substitutes for functions of the address generator 
and address decoder in Fig. 1. USB flash controller 10' 
drives activity line ACT to a clock input of pattern-de- 
coding generator 50 to sequence the pattern on data out- 
puts Dl, D2, D3...DM, driving LED's 20, 21, 22, ...23. Cur- 
rent to VDD is limited by resistors 30, 31, 32, ...33. 

[0031] An optional bus, general-purpose bus 52, may be in- 
cluded between USB flash controller 10' and pattern-de- 
coding generator 50. More complex and programmable 
pattern sequences can be supported with general-pur- 
pose bus 52. For example, new patterns for cycling LED's 
20, 21, 22, ...23 can be sent over general-purpose bus 52 
to pattern-decoding generator 50. These patterns may be 
installed from a host PC over the USB bus to USB flash 
controller 10' and then sent over general-purpose bus 52. 
Commands as well as new patterns may be transferred 
over general-purpose bus 52. Commands could select 
which of several patterns stored in pattern-decoding gen- 
erator 50 to use. 

[0032] Different values of resistors 30, 31, 32, 33, 48, and 49 
from 5K Ohm to near 0 Ohm can be used for different 
output voltages. This can be used to adjust the brightness 



or intensity of the LED's. The normal voltage could be 
VDD, the middle voltage VDD/2, and the low voltage 
VDD/4, or some other fractions of VDD or fixed voltages. 
The power-supply voltage VDD could be from 0.85 volt to 
5.0 volts, or some other value. 

[0033] An oscillator or local clock (not shown) can be driven to 
pattern-decoding generator 50 for sequencing internal 
state machines, or an internal clock or un-clocked logic 
may be used. Pattern-decoding generator 50 may be im- 
plemented with combinatorial logic to generate the de- 
sired patterns for data outputs D1:DM. A read-only mem- 
ory (ROM) containing the patterns could also be used, or a 
field-programmable gate array (FPCA). 

[0034] Figure 6 is a table of commands or an address map sent 
over the general-purpose bus to select LED cycling pat- 
terns. The command sent over bits CPB(N:1) on general- 
purpose bus 52 could be sent as part of a sequence that 
has a start command word and a checksum, or could be 
sent alone. When bits GPB(N:1) are 0000 0000, a line- 
continue cycling pattern as shown in Fig. 9A is selected at 
the normal output voltage for data outputs D1:M. When 
bits GPB(N:1) are 0000 0001, the continue-backwards se- 
quence of Fig. 9B is activated. 



[0035] other reserved values could light a single LED at the nor- 
mal output voltage for data outputs D1:M. Other values of 
GPB(N:1) could select a hold pattern for data outputs 
D1:M. The hold pattern could be the last state of the cy- 
cling pattern, or could be a set pattern with more than 
one LED lit. 

[0036] a sequence of commands could be sent over general- 
purpose bus 52. For example, a command to start the cy- 
cling pattern could be sent, then a command to hold the 
pattern, then the cycling pattern is re-started, but at a 
lower output voltage to dim the LED's. 

[0037] New cycling patterns could also be sent over general- 
purpose bus 52. A sequence-start command word could 
be sent over general-purpose bus 52 first, followed by 
several words of the pattern, then ending with a unique 
sequence-end command word. More complex multi-word 
command sequences could also be devised. 

[0038] Figure 7 shows a USB flash drive with a flexible PCB having 
a multi-LED display. USB flash drive 68 is a small portable 
device that contains a USB flash controller and flash mem- 
ory chips mounted on a small PCB. USB connector 64 can 
be mounted on this PCB and can be plugged into a match- 
ing USB connector on the host. 



[0039] when the PCB is sufficiently large, pattern-decoding gen- 
erator 50 may also be mounted on it. Some PCB's may 
even allow room for more multiple LED's. However, in this 
embodiment, pattern-decoding generator 50 and LED's 72 
are mounted on a separate, flexible PCB 60. Flexible PCB 
60 may be attached to the main PCB of USB flash drive 68 
by soldering to contact pads of pattern-decoding genera- 
tor 50. Pattern-decoding generator 50 has pins for sol- 
dering on it. 

[0040] Flexible PCB 60 can be bent in a U-shape to surround the 
main PCB or other components, or to fit in a casing or 
molding for USB flash drive 68. LED's 72 may fit in open- 
ings or holes in the casing or align with casing windows to 
allow LED's 72 to be visible to the user. The number of 
LED's 72 on flexible PCB 60 can vary, but could be 8 sin- 
gle-color or 8 multi-colored LED's in one embodiment. 

[0041] Figure 8 shows a round-circle multi-LED display. The 
LED's driven by the data outputs of pattern-decoding 
generator 50 (Fig. 5) may be placed in a circular pattern. 
In this example, 8 LED's are arranged in a circle. The LED's 
marked "1" are lit first, with the others dark, then LED's 
marked "2" are lit and the other 6 LED's dark. LED's 
marked "3" and "4" are then lit in the sequence. The lit 



LED appears to spin around half of the circle, from LED 1 
to LED 2, 3, 4. 

[0042] t wo LED's are lit at a time, one for each half-circle. The lit 
LED's appear to be spinning around the circle opposite 
each other. Both LED's 1 may be driven by the same data 
output of the pattern-decoding generator. Likewise, both 
of LED's 2 may be driven by D2, both of LED's 3 driven by 
D3, and both of LED's 4 driven by D4. This can reduce 
cost since one data output drives two LED's, reducing the 
number of data outputs from 8 to 4. 

[0043] when multi-color LED's are substituted, the circle pattern 
could change color periodically, or after each complete 
loop of the sequence. 

[0044] Figures 9A-F show linear-display pattern sequences. Each 
LED is lit in the sequence indicated. LED 1 is lit first, then 
LED 2, then LED 3, etc, until LED 8 is lit. Then the se- 
quence repeats. Only one LED is lit at a time. 

[0045] | n pig. 9A, a continue-forward sequence pattern is shown. 
One LED is lit and the lit LED appears to travel down the 
line of 8 LED's from left to right. A simple marquee pat- 
tern is produced. The display sequence is much more at- 
tention-grabbing than a single LED or just a few LED's. 

[0046] | n Fig. 9B, a continue-backward sequence pattern is 



shown. One LED is lit and the lit LED appears to travel 
down the line of 8 LED's from right to left. This is a back- 
ward-traveling marquee pattern is produced. 
[0047] pig. 9C shows a jump- 1 forward pattern. One LED is 

skipped or jumped over as the lit LED travels from left to 
right. The pattern continues with the second-most LED 
from the left at time 5. Thus this marquee pattern moves 
more rapidly from left to right, and repeats itself using the 
skipped LED's. Fig. 9D shows the same jump-1 pattern in 
reverse. 

[0048] pig. 9E shows a jump-2 forward pattern. Two LED's are 
jumped over each time the lit LED is changed. For exam- 
ple, the left-most LED is lit first, then the next two LED 
positions (LED's 4, 7) are skipped over and the fourth LED 
position, LED 2, is lit. Then LED's 5, 8 are skipped and LED 
3 is lit. The pattern returns to LED's 4, 5, 6 on the second 
pass, and LED's 7, 8 on the third pass from left to right. 
Fig. 9F shows the jump-2 backward pattern. 

[0049] Figures 10A-F show dual linear-display pattern se- 
quences. Each data output form the pattern-decoding 
generator drives two LED's. For example Dl drives the two 
LED's 1, then D2 drives the two LED's 2, etc. Two LED's are 
lit at once. 



[0050] pig. 10A shows dual continue-forward patterns. Two LED's 
are lit at once and appear to travel across four LED posi- 
tions from left to right. This produces a dazzling pattern 
at moderate speeds. Fig. 10B shows the dual continue- 
backward pattern. 

[0051] The two lit LED's can appear to travel inward towards the 
middle, as shown in Fig. 10C, or outward from the middle, 
as shown in Fig. 10D. Figs. 10E, F show dual jump pat- 
terns that skip over LED positions and then repeat, light- 
ing the skipped-over LED's in the second pass. These can 
also produce very visually stimulating pattern sequences. 

[0052] Figures 11A-D show dual circular pattern sequences. Each 
data output from the pattern-decoding generator drives 
two LED's. For example Dl drives the two LED's 1, then D2 
drives the two LED's 2, etc. Two LED's are lit at once. 

[0053] Some LED's are lit more often than others in these se- 
quences. In Fig. 11A, the lit LED moves forward from the 
left-most LED 1, to LED 2, 3, 4. Then the lit LED moves 
backwards an re-lights LED 3, re-lights LED 2, and then 
repeats with LED 1. Thus LED's 2/6 and 3/5 are lit twice in 
each sequence, but LED's 1, 4 are lit only once per se- 
quence. The loop sequences can both move clockwise, as 
shown in Fig. 11A, or counter-clockwise, as shown in Fig. 



1 IB. One loop of four LED's can move clockwise while the 
other loop of four LED's moves counter-clockwise, as 
shown in Fig. 11C with inward loops and Fig. 11D with 
outward loops. 
[0054] ALTERNATE EMBODIMENTS 

[0055] Several other embodiments are contemplated by the in- 
ventors. Rather than use USB buses, other serial buses 
may be used such as PCI Express, ExpressCard, Firewire 
(IEEE 1394), serial ATA, serial attached small-computer 
system interface (SCSI), etc. 

[0056] The pattern-decoding generator and other controllers and 
functions can be implemented in a variety of ways. Func- 
tions can be programmed and executed by a CPU or other 
processor, or can be implemented in dedicated hardware, 
firmware, or in some combination. Many partitioning of 
the functions can be substituted. 

[0057] Various colors for the LED's could be used. Besides red, 
green, and blue, other colors displayed may include am- 
ber, brown, violet, gray, and white. Some colors can be 
produces by combinations or mixing of the 3 primary col- 
ors. The voltage to the LED's can be adjusted to adjust the 
color intensity. 

[0058] Rather than standard LED's, other display technologies 



could be substituted, such as lit pipes, strips of LED's, liq- 
uid crystal display (LCD) elements, thin-film transistors, 
Micro-Electro-Mechanical Switches (MEMS), electronic ink, 
etc. 

[0059] The activity signal could be a periodic signal activated 

when flash-memory activity occurs. The period and duty 
cycle of the activity signal could vary. For example, the 
activity signal could be a square wave signal at 12.5 Hz, 
with 40 milli-second high and low pulses, or could have 
other values. The length of time for reset being active af- 
ter power-up can be adjusted by adjusting the time con- 
stant of the resistor and capacitor on the RS pin. 

[0060] The number of bits for GPB(N:1) could be a different value 
of N than for the address lines of address decoder 14. For 
example, bits GPB(N:1) could be 8 bits while address de- 
coder 14 has 16 address lines. 

[0061] The LED's could be arranged linearly in a line. The line 

could be bent into various shapes, such as the U-shape of 
flexible PCB 60 of Fig. 7. The same linear patterns can be 
used even when the line of LED's is thus bent. The LED's 
can be arranged in other shapes, such as the circle of Fig. 
8, or in a triangle, square, polygon, or other shapes. 

[0062] Display patterns could be combined in a variety of ways. 



For example, the continue-forward pattern of Fig. 9A 
could be immediately followed by the continue-backward 
pattern of Fig. 9B. When multi-color LED's are substituted, 
the pattern or sequence of patterns could change color 
periodically, or after each complete loop of the sequence. 
Patterns could be selected and changed randomly to add 
visual variety. All LED's can be kept dark for a holding pe- 
riod after each sequence, such as for half or a tenth of a 
second before the pattern repeats. All LED's could also be 
briefly lit at the end of a sequence or to indicate an error 
or completion of an operation. More complex displays 
with multiple segments could be used, such as starbursts, 
asterisks, etc. 

[0063] The multi-LED display and the pattern-decoding genera- 
tor could be used in a variety of other applications. The 
display could be used in a notebook or desktop PC, a per- 
sonal digital assistant (PDA), cell phone, or unified device. 
Other uses could include a memory module, external or 
internal flash drives of various shapes and sizes, music 
players such as MP3 devices, video players such as MPEG- 
4 devices, card readers, badges, smart cards, keyboards, 
mice or other pointing devices, speakers, or headsets. 
Flash-memory cards or other portable device cards using 



these form factors can also benefit from the multi-LED 
display, such as secure-digital, compact-flash, multi- 
media cards, smart media cards, ExpressCards, and mem- 
ory sticks. The multi-LED display could also be used for a 
variety of decorations or with other electronic devices 
such as a LED flashlight or a LED light tube. A 2-way 
write-protect switch could be used, or more complex 
switches such as a 3-way on-off-write-protect switch 
could be used to turn off the LED display. 
[0064] The flexible PCB could be single-layer of a polyimide 

cover layer laminated to copper metal, or could have mul- 
tiple layers. 

[0065] The abstract of the disclosure is provided to comply with 
the rules requiring an abstract, which will allow a searcher 
to quickly ascertain the subject matter of the technical 
disclosure of any patent issued from this disclosure. It is 
submitted with the understanding that it will not be used 
to interpret or limit the scope or meaning of the claims. 
37 C.F.R. sect. 1.72(b). Any advantages and benefits de- 
scribed may not apply to all embodiments of the inven- 
tion. When the word "means" is recited in a claim element, 
Applicant intends for the claim element to fall under 35 
USC sect. 112, paragraph 6. Often a label of one or more 



words precedes the word "means". The word or words 
preceding the word "means" is a label intended to ease 
referencing of claims elements and is not intended to 
convey a structural limitation. Such means-plus-function 
claims are intended to cover not only the structures de- 
scribed herein for performing the function and their 
structural equivalents, but also equivalent structures. For 
example, although a nail and a screw have different struc- 
tures, they are equivalent structures since they both per- 
form the function of fastening. Claims that do not use the 
word "means" are not intended to fall under 35 USC sect. 
112, paragraph 6. Signals are typically electronic signals, 
but may be optical signals such as can be carried over a 
fiber optic line. 

[0066] The foregoing description of the embodiments of the in- 
vention has been presented for the purposes of illustra- 
tion and description. It is not intended to be exhaustive or 
to limit the invention to the precise form disclosed. Many 
modifications and variations are possible in light of the 
above teaching. It is intended that the scope of the inven- 
tion be limited not by this detailed description, but rather 
by the claims appended hereto. 



